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Summary

Pressure distributions on a 0.02-scale model of the

Space Shuttle orbiter forward fuselage were obtained
in the 22-inch aerodynamic leg of the Langley Hy-

personic Helium Tunnel Facility (Helium Tunnel) at
a nominal free-stream Mach number of 21.5, a ratio

of specific heats of 1.67, and a unit Reynolds number
of 13 x 106 ft -1 for inclusion in the database of the

Shuttle entry air data system (SEADS). The data
were measured at model angles of attack a = 0° 50 °

in 5° increments at sideslip l_ = 0° and at model

=-5°-5 ° for a=5 ° , 20 ° , 35 ° , and 40 ° .

These helium data at Mach 21.5 displayed trends

similar to those obtained from tests at Mach 6 and 10

in air. Specifically noted is a shift of tile location of
tile maximum pressure to a lower surface slope than

predicted by modified Newtonian theory at ct > 15°.

However, this phenomenon did not occur ill flight.

Analysis of tests at Mach 6 in the Langley Hyper-

sonic CF4 _5mnel, which correspond to a lower ratio

of specific heat in the postshock region than tile data
obtained in helium and air, showed a reduction of the

stagnation point shift at the higher a. The difference

between flight and wind tunnel pressure distributions

is likely due to high-temperature gas chemistry ef-
fects in flight, which include lower effective specific
heat ratios but which were not completely duplicated

in tile wind tunnels.

In addition, the SEADS air data algorithm, which

is based on the ideal gas wind tunnel data to Mach 10,

predicts the model a and _ in tile Helium Tunnel
from the pressures of the current test within 1°
and 0.5 °, respectively, at a _ 8° to 45 ° . With

the current data, the base for the flight algorithm
is extended to a significantly higher Mach number.

Introduction

The Shuttle entry air data system (SEADS) is an

experimental, subsonic-to-hypersonic means (rcf. 1)

for acquiring accurate air data parameters for the

Space Shuttle orbiter as it descends from space to
tile ground. The system was installed on the Space
Shuttle orbiter Columbia and flown first on Space

Transportation System (STS) flight STS-61-C (ref. 2)
and later on STS-28, STS-32, STS-35, and STS-40 as

part of the NASA Space Shuttle orbiter experiment

(OEX) program. The SEADS system consists of
20 pressure orifices. Fourteen orifices are arranged in

a cruciform pattern and arc installed in a Space Shut-

tle baseline-geometry nose cap assembly; the other
six orifices are on the forward fuselage. Each orifice

is connected to a low- and high-range transducer to

cover the pressures of the flight envelope. The data

are stored on the OEX recording system for postflight

analysis. (See ref. 3.) Extensive ground-based exper-

iments and analyses based on modified Newtonian

theory were performed to develop the preflight algo-
rithm that enables researchers to convert the SEADS

pressure distribution data to air data, vehicle a and

#, and free-stream dynamic pressure q_c- (See rcf. 1.)

This data reduction algorithm incorporated

Newtonian pressure correction factors based on wind
tunnel data. The preflight database contained infor-

mation obtained across the range from subsonic to
a Math number of 10 on various scaled models of

the orbiter nose (refs. 49); that database was then
used to develop the correction factors. Subsequently,

the correction factors were calibrated based on data

from STS-61-C (ref. 2) and STS-35. Only data from

those two flights were involved in the final pressure
corrections because a particularly important forward

fuselage orifice on the other SEADS flights (STS-28,
STS-32, and STS-40) was not installed, which com-

promised the results. However, a high level of
confidence can be placed in the flight data be-

cause of repeatability and the excellent agreement

with other flight data sources notably, the opera-
tional instrumentation and best-estimated trajectory

in reference 2.

The purpose of this paper is to present and as-

sess the quality of the data obtained in the 22-inch

aerodynamic leg of tile Langley Hypersonic Helium

Tunnel Facility (Helium Tunnel) at a free-stream
Mach number Moc = 21.5 and a specific heat ratio

"7 = 1.67 for incorporation into the SEADS data-
base that had been limited to M_c < 10 in air and

"7 = 1.4. The tests in the Helium Tunnel had an

average -Moc = 21.5 and a unit Reynolds number
NRe = 13 x 106 ft 1. Angle of attack c_ was varied
from 0 ° to 50 ° in 5° increments at _ = 0°, and/5 was
varied from -5 ° to 5° for a = 5° , 20 ° , 35 °, and 40 ° .

The model is the same one tested at M_c = 6 in air

(ref. 4) and CF4 as well as at _]lI_c = 10 in air (ref. 5);

it represents the forward fuselage region of the Space
Shuttle orbiter extending back to the canopy region

(full-scale station of 225 in.) and includes the forward
reaction control system (RCS) jet ports. Thirty-six

pressure orifices, including the SEADS and Develop-
ment Flight Instrument (DFI) locations, were incor-

porated into the model.

Data are presented in tabular form; also, selected

data are plotted to show significant trends and to

provide comparisons with the other hypersonic wind
tunnel data in air (refs. 4 and 5) and in CF4 (un-

published). In addition, c_ and /_ values are calcu-
lated from the present pressure distributions based

on the preflight algorithm of reference 1 and arc



comparedwith the correspondingwind tunnel test
values.

Nn_

P t/x_

Pt,2

Tt _,,_

X, y, Z

Oz

"7

rh

Symbols

pressure coefficient,
q_c

free-stream Mach number

unit Reynolds number, ft -_

tunnel total pressure, psia

total pressure behind normal shock,
psia

P_c tmmel free-stream static pressure,

psia

qoc tunnel free-stream dynamic pres-
sure, psia

tunnel total temperature, °F

model coordinate system (fig. 2), in.

angle of attack, deg

angle of sideslip, deg

ratio of specific heats

surface slope at orifice relative to

Z-axis in the X-Z plane (fig. 2),
dcg

hi surface slope at orifice relative to

Y-axis in the X-Y plane (fig. 2),
deg

¢i roll angle of orifice relative to

Y-axis in the Y-Z plane (fig. 2),
deg

Apparatus, Model, and Tests

Tunnel

The pressure distributions were obtained in the

22-inch aerodynamic leg of the Helium Tunnel. The

facility utilizes a contoured axisymmetric nozzle and

operates at a nomimal M_c = 20. Calibration surveys
presented in reference 10 indicate the test section

/lI_c = 17.5 to 22.2 at a tunnel total pressure Pt,oc =
200 to 3000 psia, respectively. At Pt,oc = 2000 psia,
the test section averaged Moo = 21.5 with a random

variation across the test core as high as 0.5. The
0.5 _riation occurs on the centerline and is negative

(i.e., corresponds to an increase in the total pressure

behind a normal shock Pt2 at the centerline). Sin>

ilarly, the flow angularity is Usfially less than 0.4 °.
(See ref. 10.)

The Helium Tunnel is operated primarily at am-

bient tunnel total temperature Tt,_c because helium
does not require heat to avoid liquefaction at these

flow con(titions. This facility operates in the blow-

down mode and the average test run is about 30 see.

After each run, the helium is reclaimed, purified, and
stored in high-pressure tanks for reuse.

Model

The 0.02-scale test model, fabricated from stain-

less steel, represents the forward fuselage region of
the Space Shuttle orbiter including the RCS jet ports.

In figure 1 are photographs of the model and of the

four stings that alleviate flow blockage problems at
high c_'s and that keep the model in the core of the

flow. The stings employed canted model-mounting
plates in which the angular offsets were 15° , 30 ° , and

45 ° relative to the X-axis in the X-Z plane. Thirty-
six pressure orifices with 0.020-in-internal-diameter

tubes were installed in the model. The pressure tubes

were successively jumped within about 12 in. to an

inside diameter of 0.060 in. to bring the pressure-
settling time to the tunnel-operating time. The

model coordinate system is shown in figure 2 and the

orifice numbers and locations, which were accurately
measured after model fabrication, are presented in
table I. The model was machined within _:0.005 in.

of the specified aerolines, and orifice locations were

within +3.0 percent of those specified. A front-view
sketch of the model shows the relative locations of

all orifices. (See fig. 3.) The SEADS array of ori-

fices is represented by orifices 1 to 20; the remaining
16 orifices duplicate the DFI pressure ports on the

full-scale orbiter and are correspondingly numbered.

Instrumentation

Model pressures were measured by multirange

Baratron (MKS Instruments Inc., Andover, MA) and

Barocel (Barocel Datametrics, Wilmington, MA)
transducers and recorded continuously at 20 samples
per see for the full run. The values were selected near

the end of the run when they became constant. The

measurements are believed accurate to :t:1 percent

of the reading based on reference pressure runs con-
ducted daily before tunnel operation and on the re-

peatability of the pressures near the stagnation point
in repeat runs. In a reference pressure run, a series of
known pressures are applied to the transducers based

on a working standard, and the output readings are
checked to ensure transducer integrity and to ver-

ify the calibration constants. The pressures near the

stagnation point were found to repeat to :I:1 percent
for runs at the same a and /3 trot with the model
nose in different locations in the tunnel test core.
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Theserepeatrunswereperformedwhenthemodel
waspitchedthrougha in theverticalplaneat fl = 0°,
then was rotated 90 ° and pitched in the vertical plane

for /_ at fixed a's. Tile model a, ,8, and roll were
set with a cathetometer and an inclinometer in con-

junction with the model baseplate and sting surfaces
that had been aligned before installation in the tun-
nel. While the model was illuminated by an electron

beam to show the flow field, photographs were ob-

tained and are presented in figure 4 for a = 5° to 50 °.

These photographs were usefifl in establishing that
the flow about the model is smooth and free of any

appearance of flow blockage for the present a range.
Details of the electron beam theory and system arc

presented in reference 11.

Test Conditions and Methods

The Helium Tunnel tests were conducted at a

nominal pt,ec = 2000 psia and Tt,_o = 35 ° to 75°F;

the average Aim = 21.5 and NRe = 13 × 106 ft -1

Because /lI_ varied within the test core and the
model nose location in the test section also varied

with each run, the maximum pressure on the model

face, determined Dora fairings of the pressures in
that region, was used in conjunction with measured

pt,_ and Tt,ac to determine lilac for the individual

runs (generally, flow conditions are inferred from

previous calibration tests with a pitot pressure rake).
Tunnel parameters determined from the local A.lc_

along with the model attitudes are listed in table II
in which the Dee-stream dynamic pressure q_, free-

stream static pressure p_, and Pt,2 were corrected
for intermolecular force effects based on the method

presented in reference 12.

Angle of attack was varied from 0 ° to 50 ° in 5°
increments at fl = 0° and fl was varied from -5 ° to 5°

at (_ = 5°, 20 °, 35 °, and 40 °. For tile varying a tests,
the model was pitched in the tunnel vertical plane

at fl = 0°; for the varying /3 tests, the model was
rotated +90 ° and sideslipped in the vertical plane at

fixed a. With respect to the Mach number in the

core, the model at the lower a's is nearest the nozzle
centerline and thus undergoes the largest variation

from the average; that variation can be as much as

0.5. The model in all circumstances is in a gradient
of at least 4-0.1. Except near the centerline of the

tunnel at the low a, the data from the stagnation

region of the model do not appear to be strongly

affected by the gradient.

Results and Discussion

Presentation of Results

A complete tabulation of orifice pressures, cx-

presscd as Cp/, is presented in table III for c_ = 0° to

50 ° at/3 = 0 °. Tables IV through VII list the values
obtained at/3 = -5 ° to 5° for c_ = 5°, 20 °, 35 °, and

40 ° . Selected data from the current test and from

the other wind tunnel tests (refs. 4 and 5) are pre-

sented in figures 5-10 and analyzed in the subsequent

discussion.

Pitch Plane

According to the modified Newtonian impact the-

ory on which the SEADS algorithm is based (ref. 1),
the maximum pressure on the model nose would be

expected at the point where the surface slope is great-
est relative to the flow (usually 90 °, _i -- 0° for this

study) and is referred to herein as the Newtonian
location. To determine the actual locations of max-

imum pressure in the pitch (X-Z) plane, the pres-
sure distribution on the nose in the plane of symme-

try was plotted versus surface slope for the vertical
Z-axis of the model at each a (fig. 5); note that 7li
decreases from left to right. Also presented in fig-

ure 5 are the wind tunnel results at 5Ioc = 6 in

air (ref. 4) and CF.I (unpublished) and at M_c = 10
in air. (See ref. 5.) Note that the ordinate scales
have been shifted equal amounts to show the indi-

vidual pressure values clearly and the peak locations
as indicated by the data fairings. The curves were

fitted by the method of least squares and the max-

imum point was determined from the first deriva-

tive, thereby allowing the relative differences be-
tween the actual (solid) and the Newtonian locations

(dashed) to be readily determined. Beyond a _ 10°
at all three Mach numbers and in all test media, the

peak pressures occur at larger values of rh than the
Newtonian location indicates. Thus, the peak pres-

sure occurs at a surface slope less than 90 ° to the

flow (rh > 0°) for c_ > 10°. (See fig. 2.)

To show the relative differences in slope between

Newtonian and measured maximum pressure loca-

tions and to compare the differences at the three

Maeh numbers, the values are plotted in figure 6.
Because maximum pressure locations in terms of '1i

arc directly related to the model a, they are so plot-
ted in the figure. If the surface slopes for maximum

pressure agreed with the Newtonian locations, the
test values would lie along the 45 ° diagonal. How-

ever, agreement occurs only at a < 15 °. For c_ > 15 °,
the surface slope for maximum pressure location is as
much as 5° to 8° higher than a (i.e., a lower surface

slope relative to the flow) and is apparently indepen-
dent of test medium and Mac.

The data at Mac = 6 in CF4 show that the devi-

ation in the stagnation point locations in those tests

is delayed until about (_ = 20°; at that point and to
= 30 °, the deviation shifts as much as it did in air,



thendropscontinuouslyto abouthalftheair devia-
tion beyondthat angle.Testsin CF.1arcmeantto
simulatetheinviscidportionof thestagnationregion
in flightby providinga highernormalshockdensity
ratio (lowervalueof7; approximately1.1asopposed
to 1.4for air) in thepostshoekregion;thus,thedif-
ferencesbetweentile stagnationpointsin a perfect
gas,air, andCF4indicatea 7 effect.This observa-
tion isreinforcedbytheresultsofreference13,which
reportsthe pressuretestsof a 0.025-scalemodelof
the SpaceShuttleorbiter nosein the LangleyEx-
pansionTubeat hypersonicandhypervelocitycon-
ditionswith air, helium,andCO2astestgasesand
showsasimilarinverseshiftofthemaximumpressure
locationat c_ = 32 ° with effective 7, which varied
from 1.1 to 1.67 in the tests.

V_rhen the flight data were examined, no shift of
the stagnation point off the Newtonian location was

evident (ref. 2); therefore, the high-temperature gas

chemistry effects in the stagnation region in flight,
which include a reduced effective % combined to
eliminate the shift. However, the flow phenomenon
that causes the shift in the location of the maxi-

mum pressure in the wind tunnel tests is not com-

pletely understood because it appears to be related

to the geometry of the configuration as well as to

3'. For example, this same type of deviation between
the faired and Newtonian locations of the maximum

pressure was observed at Moc = 6 in air for a two-

dimensional parabolic body with a 90 ° surface slope

(to the flow) at its nose (ref. 14), but it (lid not occur

for the same contour as a body of revolution (ref. 15),

nor for a two-dimensional circular arc body (also in
ref. 14). The maximum pressure locations for the

parabolic bodies are also plotted in figure 6. The

body-of-revolution values lie on the diagonal, trot for

the two-dimensional parabolic body, the deviation

from tile Newtonian location begins as c_ increases
from 0 °. The locations of the peak pressures for the
Space Shuttle model are found to deviate from mod-

ified Newtonian theory for a > 15° and to agree with
the results from reference 14 for a two-dimensional

parabolic body at (t = 20 ° and 25 °. This dichotomy
in the movement of the stagnation point with (t be-

tween models within a similar class in a hypersonic
wind tunnel and of the Space Shuttle nose in the

same wind tunnel and in flight shows that wind tun-

nel pressure data for flight prediction must be ap-

proached cautiously and verified in flight.

To determine how well the data at. 2tIoo = 21.5

in helium correlate with the SEADS flight-angle de-
termination method, the original preflight algorithm
was used to calculate model a's for the wind tun-

nel test from the pressure data of that test. The

flight algorithm was established based on the de-

sign values of the orifice locations and surface slopes.
The as-constructed values of the full-scale SEADS

were within 2 to 3 percent of design based on ac-

tual measurements, and analysis showed no signifi-
cant effects of this level of variation on the air data
calculations. The calculated model a's with the al-

gorithm are shown in figure 7. Excellent agreement
occm's for a < 20°; for a > 20 °, the maximum over-

prediction by the SEADS algorithm within its design
range (a = 8° to 45 ° ) is about 1° at c_ = 45 ° . The

SEADS requirement for an accuracy of :1:0.5 ° dic-

tated the derivation of the previously discussed pres-
sure corrections.

Sideslip Plane

To determine the location of the maximum pres-

sure on the model nose as it is deflected in the fl
(X-Y) plane, the pressure distributions on the nose

in that pIane were plotted versus the surface slope Ai

relative to the Y-axis at each orifice for o_ ----5 °, 20 °,
35 ° , and 40 ° andfl=-5 ° to 5° . Figure 8presents

the results at 3I_ = 21.5 with the origins of the

ordinate scales shifted to discriminate among the in-
dMdual pressure peak locations and the relative dif-

ferences be_em_ the faired and Newtonian locations.
Because fl < 15 ° at which the location of maximum

pressure was observed to deviate from the Newtonian

location in the pitch plane, the curves were expected
to pass through tile Newtonian location; the least-

squares fit, along with the maximum point calcula-

tion, showed that the curves indeed do pass through.
With only a few exceptions, the fairings are smooth

through the points. The only exceptions occur at

a = 5° (fig. 8(a)), where the center of some points is
slightly off the curves.

To determine the magnitude of the difference in

/3 and the surface slope at which the pressures are

equal, pressure coefficients for pairs of orifices that
are equidistant from the nose eenterline and have

nearly tile same surface slope (but are of opposite
sign) are plotted in figure 9 versus t3 for o_ = 5°,

20 °, 35 °, and 40 °. The curves for the pairs of orifices
are presented in the order of their distance from the

centerline; thus, the order of tile absolute values of

Ai is relative to the Y-axis in the X-Y plane. The

surface slope for each orifice is shown in tile figure.
The location at which the faired curves for the orifice

pairs cross is the point where the pressures are the
same (nulled) and fl at which this occurs should be

close to half the difference in slope between the two

orifices. In general, /3 for equal pressures (null) has
the same sign as the slope difference between the

orifice pairs, and the two angles agree within 0.2.5 °

=

|

|



to 0.5 °. However, the differences are less consistent

at c_ = 5 ° than at the other c_'s observed in figure 8.

The pressure variations with fl are close to linear

for all orifice pairs at o_ > 5 °, but the variations

are nonlinear at c_ = 5 ° for all orifice pairs with

slopes relative to tile Y-axis at ,ki < 50 °. (Compare

figs. 9(a) (c) with figs. 9(d) (g).)

This performance at a = 5 ° also occurs when

the optimized algorithm for SEADS is applied to

the pressure data to calculate ft. In figure 10 is

a comparison between the angles calculated with

the SEADS preflight algorithm and those of tile

present tests. Perfect agreement occurs along the

45 ° diagonal and all the data are within 0.5 ° except

for the case of c_ = 5 °, which varies by as much as

0.75 °. This difference at the lowest c_ is attributed

primarily to the M_c variation in the core near the

tunnel eenterline.

Concluding Remarks

Pressure distributions on a 0.02-scale model of

the Space Shuttle orbiter forward fuselage were ob-

tained in the 22-inch aerodynamic leg of the Langley

Hypersonic Helium Tunnel Facility at a nominal free-

stream Mach number of 21.5 and a ratio of specific

heats of 1.67 for inclusion in the database of the Shut-

tle entry air data system. The data were measured at

model angles of attack of 0 ° to 50 ° in 5 ° increments

for 0 ° sideslip and at model sideslip angles of -5 ° to

5 ° for angles of attack of 5 °, 20 °, 35 °, and 40 °.

The helium data at a Mach number of 21.5 were

found to display the same trends as those from sim-

ilar tests at Mach 6 and 10 in air, which included

a shift in the location of the maximum pressure to

a lower surface slope than predicted by Newtonian

theory at angles of attack above about 15°; however,

this effect did not occur in flight. By comparison,

tile data obtained at Mach 6 in the Langley Hyper-

sonic CF4 Tlmnel, corresponding to a lower ratio of

specific heats in tile postshock region than those in

helium and air, showed some reduction of the stag-

nation point shift at higher angles of attack. The

high-temperature gas chemistry effects observed in

flight, which include lower effective specific heat ra-

tios, probably combined to eliminate tile phenomena

observed in tile wind tunnel tests.

In addition, the preflight algorithm, which is

based on the wind tunnel data to Mach 10, calcu-

lates the model angles of attack and sideslip from

the pressures of the current test within 1° and

0.5 °, respectively, for angles of attack of about 8 °

to 45 °. With the current data, the base for the flight

algorithm is extended to a significantly higher Mach

number.

NASA Langley Research Center

Hampton, VA 23681-0001

August 2, 1993
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Table I. Orifice Locations

Orifice x, in. y, in. z, in. T/i, deg )_i, deg ¢i, deg
-92.991

2

3

4

5

6
7

8

9

lO
11

12

13

14
15

16

17

18
19

20

25

27
30

31

34

35
36

37

38
39

44

45

46
47

48

49

0.043

.011

0

.01

.04

.088

.149

.22

.089

.046

.018

.018

.046

.089

.645

.644

.644

.64

2.804

2.804
2.066

.2

2.14

.306

.306

2.511

2.523

2.628
2.603

2.624

3.124

2.514
1.735

2.631

3.747
3.747

0
0

0

0

0

0
0

0

-.270
-.185

-.095

.095

.185

.270

-.063

-.731

.731

-.105
- 1.499

1.499

0

0
0

-.504

.504

- 1.362

-1.226
-.817

-.519
--.099

.018

.020

-1.185
--1.451

-1.718

1.718

O. 185

.094

0

-.093
-.184

-.267

-.342
- .408

-.082

-.088

- .092
-.092

-.088

-.082

.748

-.225
-.225

-.648

-.170

-.170
1.422

.410

- 1.050

-.050

-.050
-.578

-.767

- .990
-1.041

-1.071

1.861
1.610

.090

-.356
.656

.656

-22.73

-14.06

-1.58

13.91

27.00
37.22

44.89

49.42

34.54
25.17

18.47

17.35
24.67

32.25

57.22

59.28

59.10
66.93

76.15

76.13

67.28

43.81

83.00
50.02

49.75

74.35

77.14
83.22

83.85
84.48

67.82

65.08

72.07
74.52

77.61

77.96

-1.13

-1.20
-.38

-.38

-.99

-1.31
-1.52

- 1.69

-33.49

-22.36

-13.59
11.05

22.70

31.47

-2.94
-57.55

57.53

-5.01

-76.15

76.11
-.99

-.30

.16

-50.02

49.75
-62.15

-41.88
-14.97

-7.63

-1.48

-.08
.59

-72.04

-73.71
-77.58

77.96

-94.96

- 103.98

91.57
92.17

92.17

92.16

92.23
166.71

153.45

137.85

50.01
22.39

11.99

-93.49

169.00

10.50

95.45
-179.74

.73

-91.08

-90.43
89.84

179.31

.35

156.66
133.21

105.09
97.68

91.48

-90.09

-89.35
-179.08

174.87

-179.22
.26



TableII. ModelAttitudesandTmmelFlowParameters

[Pressuresarein psia]

Run a, deg /3, deg Pt,_ Tt,_c, °F Pt,2 Mac p_ q_c

078

80

74
76

70

68

67

65

56

47
51

54

60

89

87

86

82

91

94
97

116
114

113

111

117

119
121

104

102

101

99

106
107

109

128

126
124

123

129

8

0

5.0

10.0

15.0
20.0

25.0

30.0

35.0

39.5

40.0

40.7
45.0

50.0

5.0

20.0

35.0

40.0

-5.0

-3.0

-1.5
0

1.5

3.0

5.0

-5.0

-3.0

-1.5

0

1.5
3.0

5.0

-5.0

-3.0

-1.5

0

1.5

3.0
5.0

-5.0

-3.0

-1.5
0

1.5

2002.62

2003.62

2002.37

2005.62

2001.12

2000.62
1999.62

2003.12

2000.12

2000.62

2000.12

1984.64

2000.87

2003.87

2002.37

2003.12
2002.12

2002.62

2003.62

2007.87

1998.38

2007.62

2007.62

2003.87

1999.12
1995.13

1999.37

2003.12
2004.12

2004.87

2004.87

2004.37

2002.87

2004.62

2003.12

2000.87

1999.62

1999.87
2002.62

60.79

66.00

56.99

71.48

61.49

57.46

54.51
58.04

57.34

70.95

73.42

49.92

64.15

59.20

53.89

51.77

61.76
65.83

53.10

56.81

37.01

50.18

48.77

45.23

37.81

45.32
47.35

49.65

51.95
52.13

59.02

51.33

47.71

40.72

37.45

35.95

57.52

49.03

34.98

5.047

5.302
5.349

5.190

5.020

5.007

4.9405

4.9628

4.9355
4.9301

4.9288

4.8404

4.9429

5.0289

5.1157

5.4419

5.3441

5.3660
5.2333

5.1246

4.8885

4.9251

4.9468

4.9481

4.9479

4.9471
4.9617

4.8541

4.8533

4.8649
4.8827

4.8889

4.8920

4.9088

4.8033

4.8210

4.8216

4.8402

4.8404

21.16

20.81
20.76

20.96

21.19

21.22

21.31

21.29

21.32

21.31
21.31

21.41

21.30

21.19

21.08

20.64

20.75

20.72
20.92

21.08

21.41

21.37

21.34

21.33
21.32

21.30

21.29

21.46

21.46
21.44

21.41

21.41

21.40
21.39

21.55

21.52
21.48

21.47

21.50

0.007976

.008662

.008784

.008341

.007912

.007872

.007703

.007752

.007687

.007670

.007669

.007484

.007707

.007923

.008150

.009048

.008783

.008828

.008475

.008190

.007570

.007641

.007697

.007719

.007719

.007739

.007756

.007464

.007467

.007488

.007542

.007559

.007569

.007612

.007341

.007385

.007399

.007434

.007436

2.8617

3.0074

3.0316

2.9402

2.8476

2.8389
2.8015

2.8144

2.7982

2.7949

2.7942

2.7448

2.8032

2.8515
2.8994

3.0868

3.0312

3.0400

2.9674

2.9114

2.7718

2.7926

2.8046

2.8074

2.8048

2.8071
2.8131

2.7503
2.7517

2.7567

2.7687

2.7720

2.7740

2.7844

2.7242

2.7332

2.7355

2.7418
2.7436



TableIII. PressureDataat/3 = 0°

Orifice
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
25
27
30
31
34
35
36
37
38
39
44
45
46
47
48
49

Run

78

M_

21.16 0

a, dcg Cpi

1.5070

1.6711

1.7610

1.6465

1.3571

1.0953

.9020

.7552

1.1500

1.3967

1.5364

1.6002

1.4604

1.2722

.5311

.46O3

.4585

.3140

.1210

.1204

.2881

.0695

.7533

.7631

.1148

.0915

.0597

.0553

.0513

.2757

.2819

.1872

.1219

.0991

.0987

9



Orifice Run
1 80
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20

25

27

30

31

34
35

36

37

38

39
44

45

46
47

48
49 _

Table III. Continued -- !

20.81
a, deg C#

5 1.3865

1.6033

1.7487

1.7107

1.5332

1.2785

1.0659

.9043
1.1439

1.4294

1.6063

1.6934
1.5634

1.3466

.3689

.4707

.4705

.4073

.1205

.1186

.1665

.1143

.7362

.7397

.1346

.1268

.0981

.0922

.0879

,1629

.1642

.1762

.1281

.O884

". .0892

10



TableIII. Continued

Orificc Run
1 74
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
25
27
30
31
34
35
36
37
38
39
44
45
46
47
48
49 -,

20.76
a, deg

10
Cpi

1.2121

1.4610

1.6935

1.7542

1.6179

1.4356
1.2564

1.0760

1.1390

1.4343

1.6398
1.6766

1.5081

1.3018

.2644

.4860

.4944

.5325

.1241

.1229

.1041

.1727

.7207

.7249

.1578

.1698

.1528

.1462

.1411

.0985

.0998

.1701

.1370

.0811

11



Orifice
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
25
27
30
31
34
35
36
37
38
39
44
45
46
47
48
49

TableIII. Continued

Run 3,f_
76 20.96

a, deg Cpi

15 1.0797

1.3451

1.6381

1.7537

1.7017

1.6275
1.4294

1.2872

1.2104

1.4850

1.6495
1.7088

1.5262

1.2929

.1760

.5121

.5184

.7290

.1295

.1306

.0625

.2608

.7234

.7424

.1828

.2318
.2385

.2289

.2177

.0543

.0574

.1691

.1424

.0756

.0762

12



Table III. Continued

Orifice

1

2

3
4

5

6
7

8

9

10

11

12

13
14

15

16

17

18

19

20

25
27

30

31

34

35
36

37

38

39
44

45

46

47

48

49

Run

7O 21.19

a, deg

2O

Cpi

0.9214

1.1673

1.4904

1.7127

1.7582

1.7004

1.5985

1.4833
1.1714

1.4413

1.6103

1.6605

1.4540

1.2266

.1256

.5234

.5256
.9221

.1429

.1460

.0459

.6981
.6978

.2206

.3207

.0382

.0422

.1736

.1546

.0844

.0874

13



TableIII. Continued

Orifice

1

2

3

4

5

6

7

8
9

10

1I
12

13

I4

15

16

17

18

19

20
25

27

30

31

34

35
36

37

38

39

44

45

46

47
48

49

Run M_

68 21.22

i

]

a, deg

25 0.7718

1.0205
1.3743

1.6499

1.7595

1.7464

1.6716

1.5780

1.1190
1.3818

1.5504

1.5983

1.3904

1.1694
.0857

.5O90

.5184

1.0858

.1387

.1456

.0339

.2539

.6559

.6612

.2407

.0283

.0318

.1701

.1464

.0855

.0902

14



TableIII. Continued

Orifice
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
25
27
30
31
34
35
36
37
38
39
44
45
46
47
48
49

Run

67

Moc

21.31

a, deg

3O

Cpi

0.6207

.8409

1.2087
1.5434

1.7239

1.7569

1.7272

1.6743

1.0363

1.2836

1.4469

1.4988
1.2964

1.0874

.0564

.4775

.5056

1.2711

.1334

.1371

.0260

.1963

.5996

.6128

.2761

.0237

.0252

.1723

.1487

.0933

.O984

15



TableIII. Continued

Orifice

1
2

3

4

5

6

7

8

9

10
11

12

I3
14

15
16

17

18

19

20

25
27

30

31

34

35

36

37
38

39

44

45

46

47
48

49

RllD

65 21.29
_, deg Upi

35 0.4751

.6634
1.0160

1.3764

1.6455

1.7450

1.7548

1.7141

.9231

1.1458
1.2933

1.3385

1.1487

.9589

.0447

.4567

.4812

1.3813

.1229

.1326

.0238

1407

.5308

.5448

.3011

.0244

.0245

.1713

.1489

.0970

.1043

16



TableIII. Continued

Orifice
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
25
27
30
31
34
35
36
37
38
39
44
45
46
47
48
49

Run

56

a, deg

39.5

Cpi

0.3830

.5474

.8917

1.2778

1.5719
1.7085

1.7597

1.7555

.8532

1.0636

1.2022
1.2415

1.0564

.8782

.0306

.4329

.4571

1.5100

.1207

.1212

.0189

.1005

.4881

.4927

.3205

.0183

.0199

.1598

.1515

.0951

.0981

17



TableIII. Co!!}inued

Orifice
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
25
27
30
31
34
35
36
37
38
39
44
45
46
47
48
49

I_ull

47 21.31
a, deg Cpi

40 0.3772

.5389

.8773

1.2629

1.5647

1.7064

1.7591

1.7571

: .8611
1.0513

1.1881

1.2268

1.0436

.8685

.0326

.4314

.4563

1.5124

.1227

.1244

.0202

.0776

.4818

.4876

.3227

.0198

.0213

.1629
.1544

.0981

-. .1024

18



TableIII. Continued

Orifice Run

1 51

2

3
4

5

6

7

8

9
10

11

12

13

14

15
16

17

18

19

20
25

27

3O

31

34

35
36

37

38

39

44

45
46

47

48

49

Moc c_, deg

21.31 40.7

Cpi

0.3639

.5242

.8551

1.2300

1.5445

1.7031

1.7593
1.7563

.8201

1.0236

1.1566

1.1956
1.0175

.8465

.0308

.4273

.4502
1.5149

.1189

.1221

.0198

0949

.4709

.4760

.3241

.0195

.0208

.1605

.1511
.0951

.0993

19



TableIII. Continued

Orifice
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
25
27
30
31
34
35
36
37
38
39
44
45
46
47
48
49

RIIII

54

I

M_

21.41
a, deg Cpi

45 0.2884

.4278

.7229

1.0957

1.4115

1.6051

1.7146
1.7500

.7367

.9103

1.0303

1.0643

.8995

.7474

.0262

.3916

.4125

1.6428

.1168

.1216

.0190

.0696

.4110

.4195

.3323

.0190

.0196

.1472

.1469

.0949

-, .1023

2O



TableIII. Concluded

Orifice Run ]ll_

60 21.301
2

3
4

5

6

7

8

9

10
11

12

13

14

15

16

17

18

19
20

25

27

30

31

3,1

35
36

37

38

39
44

45

46

47

48

49

a, dcg Cpi

50 0.1733

.3107

.5521

.9100

1.2557

1.5023
1.6533

1.7176

.5976

.7561

.8569

.8849

.7380

.6145

.0228

.3606

.3817

1.6552

.1185

.1192

.0180

.0461

.3411

.3505

.0189

.0186

.1294

.1539

.0962

.0994

21



TableIV. PressureDataat a = 5°

Orifice Run Moo ,_, deg Cpi

89 21.19 -51

2

3

4

5

6

7

8
9

10

11

12

13
14

15

16

17

18

19

20
25

27

30

31

34

35
36

37

38

39

44

45
46

47

48

49

1.3897

1.5877
1.7364

1.7132

1.5301

1.3135

1.1251

.9587

1.4036
1.5862

1.6735

1.5973

1.3521

1.1032
.3803

.6597

.3654

.4417

.2158

.0743

.1757

.1187

1.0094

.5897

.2291
.1983

.1281

.1101

.0901

.1726

.1682

.2943

.2494

.1699

.0546

22



TableIV. Continued

Orifice
1
2
3
4
5
6
7

8

9

10
11

12

13

14

15

16
17

18

19

20

25

27

30

31

34
35

36

37

38

39
44

45

46

47

48

49

Run

87 21.08

/3, deg

-3

Cpi

1.3938

1.5947

1.7333

1.6992

1.5099

1.2910
1.1060

.9461

1.3690

1.6144

1.6931

1.5918

1.3984

1.1836

.3720

.5882

.4021

.4314

.1750

.0910

.1732

.1169

.9003

.6419

.1892

.1670

.1143

.1019
.0875

.1592

,1678

.2355

.1828

.1309

.0666

23



TableIV. Continued

Orifice
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
25
27
30
31
34
35
36
37
38
39
44
45
46
47
48
49

Run

86

_, deg Cpi

-1.5 1.3837
1.5984

1.7432

1.6952

1.4658

1.2253

1.0357

.8835

1.2373
1.4851

1.6190

1.5661

1.3514

1.1421

.3503

.5247

.4080

.4044

.1437

.0987

.1629

.1110

.7866

.6540

.1566

.1409

.1020

.0837

.1550

.1589

.1976

.1498

.1070

.0726

24



TableIV. Continued

Orifice
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
25
27
30
31
34
35
36
37
38
39
44
45
46
47
48
49

Run M_

82 20.75

L

Cpi

1.4014

1.5904

1.7324
1.7354

1.5016
1.2374

1.0401

.8895

1.1785

1.4582

1.6239

1.6566

1.4806

1.2565

.3574

.4886

.4560

.4065

.1240

.1185

.1655

.1137

.7465

.7175

.1379

.1282

.0977

.0915

.0861

.1670

.1628

.1758

.1323

.0913

.0896

25



TableIV. Continued

Orifice
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
25
27
30
31
34
35
36
37
38
39
44
45
46
47
48
49

t Run M_c
91 20.72

_, (leg

1.5

Cpi

1.3669

1.5711

1.7509
1.7051

1.4633
1.2228

1.0367

.8881

1.1109

1.3789
1.5555

1.6813

1.5366

1.3279

.3525

.4420

.5015

.4039

.1061

.1357

.1637

.1117

.7109

.7661

.1198

.1018

.0922

.0862

.0824

.1573

.1607

.1550

.1128

.0759

.1039

26



TableIV. Continued

Orifice
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
25
27
30
31
34
35
36
37
38
39
44
45
46
47
48
49

Run M_c

94 20.92

fl, deg Cpi

1:3801

1.5863
1.7518

1.7028

1.4809

1.2537

1.0696

.9178
1.1150

1.3810

1.5465

1.7153

1.6142
1.4199

.3586

.4293

.5534

.4131

.0955

.1596

.1684

.1158

.6802

.8527

.1100

.1081

.0901

.0871

.0844

.1555

.1661

.1418

.1024

.0680

.1229

27



TableIV. Concluded

Orifice Run Moc /3, deg Cpi
97 21.081

2

3
4

5

6
7

8

9

10
11

12

13

14

15

16
17

18

19

20

25

27
30

31

34

35

36

37

38

39
44

45

46

47

48
49 4

1.4004

1.6003

1.7418

1.7116

1.5140

1.2926
1.1036

.9429

1.1002

1.3947

1.5665
1.7120

1.6217

1.4742

.3615

.3830

.6166

.4149

.0812

.1924

.1724

.1176

.6212
.9591

.0953

.0970

.0872

.0867

.0849

.1608

.1699

.1212

.0868

.0578

.1505

28



TableV. PressureDataat a = 20 °

Orifice Run

1 116

2

3

4

5

6

7

8
9

10

11

12

13

14

15

16
17

18

19

2O

25

27

30

31
34

35

36

37

38
I

39

44

45

46

47
48

49 ..

21.41

fl, deg Cpi

-5 0.9305

1.1836

1.5060

1.7195
1.7573

1.6857

1.5662

1.4295

1.3450
! 1.5751
i

1.6905

i 1.5982
1.3384

1.0852

.1337

.7047

.3948

.9432

.2421

.0841

.0456

.8828

.5529

.0407

.0417

.2775

.2699

.1539

•. .0478

29



Orifice Run Moc

114 21.371
2

3
4

5

6

7

8

9

10
11

12

13
14

15

16

17

18

19

20

25

27
30

31

34

35

36

37

38
39

44

45

46
47

48
49

Table V. Continued

fl, deg C_

-3 0.9407

1.1875

1.5080

1.7220

1.7564

1.6870
i 1.5733

1.4446

1.2807

1.5262

1.6629
I
i 1.6296

1.3907

1.1472

.1308

.6345

.4529

.9539

.2019

.1074

.0464

.8130

.6192

.2925

.0405

.0426

.2338

i .2219
.I233

.0615

3O



TableV. Continued

Orifice Run -hloo i fl, deg Cp/
I

113 21.34 -1.51

2

3

4

5

6

7

8
9

10

11

12

13

14

15

16
17

18

19

20

25

27

3O

31
34

35

36

37

38
39

44

45

46

47

48
49

0.9406

1.1853

1.5069
1.7223

1.7564

1.6871

1.5723

1.4457

1.2399

1.4959

1.6462
1.6464

1.4228

1.1865

.1290

.5913

.4850

.9484

.1777

.1221

.0464

.7691

.6555

.2629

.0397

.0426

.2104

.1955

.1062

.0716

31



TableV. Continued

Orifice

1

2

3

4

5

6

7
8

9

10

11
12

13

14

15

Run

16
17

18

19

20

25

27
30

31

34

35

36

37

38
39

44

45

46

47

48
49

111 21.33

!
i

fl, deg Cpi

0 0.9400

1.1841

1.5064

1.7226

1.7563

1.6874

1.5724
1.4457

1.1971

1.4637

1.6264

1.6653
1.4579

1.2306

.1209

.5442

.5231

.9404

.1474

.i382

.0580

.7221

.6990

.2316

.3302

.0373

.0407

.1830

.1631

.0830

.0828

32



TableV. Continued

Orifice Run
1 117
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
25
27
30
31
34
35
36
37
38 i
39
44
45
46
47
48
49 -,

M_

21.32

L

/3, dog

1.5

Cpi

0.9382
1.1829

1.5060

1.7226

1.7562

1.6855

1.5678

1.4398

1.1516
1.4292

1.6056

1.6840

1.4940

1.2752

.1260

.4970

.5659

.9300

.1284

.1645

.0462

.6749

.7452

.2022

.3018

.0392

.0425

.1618

.1382

.0748
.1019

33



TableV. Continued

Orifice M_

21.301

2

3

4

5

6

7
8

9

10

11
12

13

14

15

16
17

18

19

20

25

27

30
31

34

35

36

37

38

39
44

45

46

47

48

49

Run

119

i

fl, deg C_

3 0.9362
1,1815

1.5035

1.7205

1,7546

1.6826

1.5634

1.4338

, 1.1067

1.3942
1.5838

1.7003
I 1.5265

1.3163

.1251

.4670

.6094

.9188

.1108

.1920

i .0460

.6297

.7885

.1747

.2716

.3407

.0400

.0423

.1419

.1173

.0632

- .1198

34



TableV. Concluded

Orifice M_

21.291

2

3

4

5

6
7

8

9

10

11

12

13
14

15
16

17

t8

19

20

25
27

30
31

34

35

36

37
38

39

44

45

46
47

48

49

Run

121

_, deg Cpi

5 0.9319

1.1821

1.5023

1.7210
1.7562

1.6817

1.5601

1.4268

1.0474

1.3463

1.5540

1.7274
1.5791

1.3811

.1251

.4044

.6780

.9068

.0892

.2284

.0450

.5701

.8534

.1471

.2369

.3238

.3333
i

.0397

.0413

.1195

.O94O

.0499

. .1483

35



TableVI. PressureDataat ct = 35 °

Orifice

1

2

3
4

5

6

7

8

9

10
11

12

13
14

15
16

17

18

19
20

25

27

30

31

34

35
36

37

38

39

44

45

46
47

48

49

Run M_

104 21.46
_, deg Cpi

-5 0.5062

.7113

1.0800

1.4340

1.6725
1.7514

1.7524

1.7034

1.0912

1.2964

1.4105

1.3308
1.0901

.8710

.0433

.6098

.3676

1.3796

.2231

.0742

.0214

.1470
i

.6879

.4460

.0199

.0207

.2587

.2469

.1666
_. .0576

36



TableVI. Continued

Orifice Run Mc¢ fl, deg Cp/

102 21.46 -31

2

3
4

5

6

7

8

9

10

11
12

13

14

15

16

17

18

19

20

25
27

30

31

34

35

36

37
38

39

44

45

46
47

48

49

0.5060

.7112

1.0822

1.4366
1.6729

1.7509

1.7520

1.7064

1.0420

1.2587

1.3868

1.3574
1.1334

.9212

.0445

.5529

.4096

1.3800

.1831

.0927

.0217

.1473

.6345

.4890

.0202

.0215

.2245

.2105

.1389

.0729

37



TableVI. Continued

Orifice Moc

21.441
2

3
4

5

6

7

8

9

10
11

12

13

14

15

16
17

18

19

20

25
27

30
31

34

35

36

37

38
39

44

45

46

47

48

49

I_,lln

101

l

i

fl, deg Cpi

-1.5 0.5035

.7092

1.0770

1.4391

1.6751

1.7524
1.7526

1.7064

1.0077

1.2333

1.3738
1.3739

1.1608

.9545

.0436

.5151

.4393
1.3794

.1598

.1077

.0217

1486

.5982

.5187

.0209

.0221

.2029

.1874

.1219

.0846

38



TableVI. Continued

Orifice 3I_ J3, deg Cpi

21.41 01

2

3
4

5
6

7

8

9

10
11

12

13

14

15

16

17
18

19

20

25

27

30

31
34

35

36

37

38
39

44

45

46

47

48
49

Run

99

i

i

0.4987

.7036

1.0749
1.4379

1.6733

1.7512

1.7517

1.7067

.9685
1.2028

1.3544

1.3880

1.1884

.9875

.0427

.4769

.4713

1.3709

.1368

.1248

.0224

.1452

.5595

.550I

.3200

.0224

.0230

.1797

.1636

.1032

.0977

39



TableVI. Continued

Orifice Run M_

106 21.411

2

3

4
5

6

7

8

9

10
i1

12

13

14

15

16
17

18

19

20

25
27

30

31

34

35

36
37

38

39

44

45

46

47

48
49

fl, deg Cpi

1.5 0.4967

.6973

1.0720

1.4350
1.6719

1.7519

1.7519

1.7074

.9263

1.1661
1.3311

1.4055

1.2208
1.0270

.0418

.4362

.5112

1.3664

.1160

.1480

.0218

.1,158

.5170

.5863

.2897

.0211

.0216

.1573

.1393

.0862

.1163

40



TableVI. Continued

Orifice M_c

21.401

2

3
4

5
6

7

8

9

10

11

12

13
14

15
16

17

18

19

20

25

27

30

31
34

35

36

37

38

39
44

45

46

47

48

49

t_UII

107

i

p, deg Cpi

3 0.4940

.6915

1.0658

1.4301

1.6682

1.7496
1.7522

1.7066

.8847

1.1323

1.3065

1.4210

1.2517

1.0646

.0413

.4008

.5511
1.3551

.0968

.1720

.0210

.1456

.4797

.6226
! .2624
i
l

.0193

.0199

.1360

.1190

.0722

.1348

41



TableVI. Concluded

Orifice
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
25
27
30
31
34
35
36
37
38
39
44
45
46
47
48
49

Run

109

M_

21.39

_, deg Cpi

5 0.4894

.6842

1.0525

1.4208

1.6622

1.7468
1.7519

1.7029

.8245

1.0830

1.2712
1.4377

1.2896

1.1145

.0419

.3556

.6059
1.3421

.0753

.2081

.0212

.1443

.4339

.6755

.2256

.0198

.0203

.1104

.0967

.0601

.1626

42



TableVII. PressureDataat a' = 40 °

Orifice Cpi

0.39961

2

3
4

5

6
7

8

9

10

11

12
13

14

15

16

17

18

19

20
25

27

30

31

34
35

36

37

38

39
44

45

46

47

48

49

Run

128 21.55

i

M_c /5, deg

-5

!

.5756

.9152
1.2879

1.5752

1.7111

1.7597

1.7532

.9833

1.1700

1.2714

1.1929

.9673

.7670

.0327

.5691

.3364

1.5438

.2091

.0736

.0214

.1003

.6139

.3926

.0218

.0231

.2472

.2425

.1669

.0567

43



Table VII. Continued

Orifice

1

2

3
4

5
6

7

8

9

10
11

12

13

14

15

16
17

i8
19

20

Rlln

25

27

30
31

34

35

36

37

38

39
44

45

46

47

48
49

A_

126 21.52

I

_q, deg

-3

Cpi

0.4060

.5820

.9243

1.2955

1.5791
1.7128

1.7603

1.7549

.9491

1.1464
1.2582

1.2158

1.0004

.8039

.0359

.5237

.3654

1.5298

.1816

.0896

.0248

.1049

.5752

.4221

.0257

.0275

.2196

.2152

.1456

.0701

44



TableVII. Continued

Orifice
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
25
27
30
31
34
35
36
37
38
39
44
45
46
47
48
49 ,,

Run M_c

124 21.48

I

_, deg

-1.5

Cpi

0.3977

.5688

.9091

1.2811

1.5650

1.7025

1.7578

1.7542

.8985

1.1016
1.2258

1.2210

1.0201

.8331

.0348

.4920

.4O0O

1.5124
.1565

.1063

.0244

.1026

.5308

.4495

.0261

.0275

.1924

.1900

.1245

.0848

45



Orifice
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
25
27
30
31
34
35
36
37
38
39
44
45
46
47
48
49

TableVII. Continued

Run

123

M_

21.47
I

_, deg Cpi

0 0.4122

.5852

.9250

1.2923

1.5716

1.7084

1.7604

1.7587
.8689

i 1.0815

1.2171

1.2492

1.0598
.8773

.0371

.4528

.4392
1.5038

.1336

.1243

.0287

.1087

.4987

.4853

.3377

.0301

.0319

.1689

.1659

.1057
-_ .1004

46



TableVII. Concluded

Orifice
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
25
27
30
31
34
35
36
37
38
39
44
45
46
47
48
49

Run

129

Mzc fl, deg

21.50 1.5

i

L

0.4092

.5873

.9273

1.2936

1.5722

1.7065
1.7591

1.7577

.8362

1.0561

1.2000

1.2692
1.0957

.9195

.0397

.4031

.4813

1.4988
.1132

.1466

.0294

.1103

.4668

.5235

.3075

.0305

.0318

.1466

.1439

.0884

.1197

47
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(a) Front.

L-93-25

(b) Sidc.

Figure 1. Model and stings.

L-93-26
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t
Z

Top

x

Side
-Z

Figure 2. Model coordinate system.

Z

Front

Note: negative sign on 7/i above centerline is for this paper only.

Z
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1

14

34_

45

25
27

1

48
2

3
46

6 19
7

8 35
18 36

31
37

9

30 38

39 11

Figure 3. Front of model with orifice locations. See table I.
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L:

-22

2

_L2

2

L-93-27

(a) a= 5°

Figure 4. Electron-beam illuminated flow fields on SEADS model at several a's.
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(b) a = 25 °.

Figure 4. Continued.

L-93-28
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(c)a = 35°.

Figure4.Continued.

L-93-29
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(d) _ = 40 °.

Figure 4. Continued.

L-93-30
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(e) c_ = .15°.

Figure 4. Continued.

L-93-3i
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(f) o = 50 °.

Figure 4. Concluded.

L-93-32
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Scale
for
= 50 °

\

.8 \
\

Maximum pressure location

Newtonian location

.4

0 \

o_= 50 °

45 °

0 \ 40 °
\

Cpi

Scale
for

(x = 0 °

35 °

30 °

0

2.0 0

1.6 0

1.2 0

.8 0

_4 0 7
18 orifice

0 / I I I J j j I t _ I
70 60 50 40 30 20 10 0 -10 -20 -30

qi, deg

25 °

20 °

15°

10 °

5 °

0 o

(a) M_c = 21.5 in helium.

Figure 5. Me_tsured pressure distributions in plane of symmetry at various a's and Moc's.
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2.0 B

Scale for

o_= 45 °

Scale for

o_=0 °

1.6

1.2

.8

.4

0

Cpi

0

2.0 0

1.6

1.2

.8

.4

0

0

45° \
Maximum pressure location
Newtonian location

- 40 ° \

35 °

\

\

30° \

• "ce

18 c_= 0 °

0 I I I I I I I I I [

70 60 50 40 30 20 10 0 -10 -20 -30

qi, deg

(b) Moo : 10 in air (rcf. 5).

Figure 5. Continued.
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Scale for

o_= 45 °

2.0--

\

Maximum pressure location
Newtonian location

0

0

15°

0

1.2 0

Scale for
(_= 0°

.8 0 5°

4

1

Orifice

0
70

0(=0 °

I

6O
I

50
I I I

40 30 20

qi, deg

(c) Moc = 6 in air (ref, 4).

Figure 5. Continued.
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Scalefor
oc=45°

2.0

1.6

1.2

45°

\

Maximum pressure location
m Newtonian location

.8

35 °

.4

0 30°

Cpi

0

0

20 °
0

2.0

1.6

1.2

Scale for
o_= 0°

0

0

0

.8 0

.4 0

0 0
7O
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o

0_=0 °

6O
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7

I

5O
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I | I

40 30 20

qi, deg

(d) M_ = 6 in CF4.

Figure 5. Concluded.
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60

55

50

45

40

35

qi at Cpi,
deg 30

25

20

15

10

oo

O 6.0 (ref. 4) Air
[] 10.0 (ref. 5) Air
O 21.5 Helium

• 6.0 CF4
4- 6.0 Two-dimensional parabolic body (ref. 14)
X 6.0 Three-dimensional parabolic body (ref. 15)

M= = 1.667
1.4

1.1

/

/
/

13

Line of agreement

/
/

/

/

I I l j i i i _ I I
0 5 10 15 20 25 30 35 40 45 50

_,deg

Figure 6. Centerline Ncwtonian versus faired surface slope angles of maximum pressure for various ct's and
Moo's.
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deg

60

5O

40

30

20

10

0

-t0

--2

-2(

[3, deg Variation
1°

o 0
[] 0

0 -1.5
A -3
Ix -5

r_ 1.5

3

Line of agreement

I I I I I I I J

-10 0 10 20 30 40 50 60

Oqest, deg

Figure 7. Model a's set during tests versus predictions by SEAD algorithm and pressure distributions of these

tests.
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2.0

Scale
for

13=5°

Cpi

2.0

1.6

1.2
Scale

for
13=-5°

.8

.4

0

1.6

1.2

.8

.4

0

0

-100

Newtonian location

13=5°

3o

1.5°
J

I 0°

I

-1.5 °

• 1 -5° I

-80 -60 -40 -20 0 20 40 60 80 1O0

_'i, deg

(a)_ = 5°.

Figure 8. Effect of sideslip angle on pressure distributions versus lateral surface slope at constant c_. ]l,[oc = 21.5.
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Scale
for

13=5°

Cpi

2.0

1.6

1.2

.8

.4

0

2.0 0

1.6 -

0-

1.2
Scale

for
13=-5 ° .8 0

.4

0
-100

Newtonian location

I

9=5 °
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I
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